Introduction
A prime function of the Chemical Section of the Institute of Terrestrial Ecology is to provide a routine analytical service for ecologists. Their analytical requirements are varied, and include nutrient elements, structural components and pollutants in plant and animal materials, soils, rocks and natural waters. Because of the heterogeneity of biological systems, statistical considerations require the analysis of large numbers of samples. As many as ten thousand samples a year and up to ten constituents, generally inorganic nutrient elements, are determined on each sample.
The growing demand for an efficient analytical service made it necessary to look at alternative ways of improving throughput time. More efficient laboratory organisation, including the actual design of new accommodation, helped in this direction, but the most important factor was the use of automated analytical techniques.
The design and organisation of the laboratory allows the flexibility required for routine investigations, together with associated research projects. Most of the procedures in use are based on wet chemical methods, and the instrumental techniques most commonly in use are flame photometry, atomic absorption and continuous flow colorimetry, and these are fitted with fully automated sample presentation systems. The dual channel flame photometer is dedicated to the simultaneous determination of sodium and potassium. Atomic absorption is in very frequent use for calcium and magnesium and also for the minor nutrients of copper, zinc and manganese. A flameless atomiser attachment provides the facility to determine low levels of trace element and pollution constituents. Two automated colorimeter lines are reserved for nitrogen and phosphorus, whilst a third channel is available for other colorimetric methods e.g. nitrate, silicon and iron.
To keep abreast of the increased output from the instrumental techniques, clearly a corresponding improvement was needed for the data handling stage. This paper describes the development of a dedicated processing system for this purpose, one which has the merit of being used under heavy routine conditions for many months and has been proved to meet all demands placed upon it. A description of the assembly is included together with an assessment, allowing comparison with other on-line microprocessor systems and providing an insight into the structure for those thinking of acquiring equipment of this type.
Specifications
Until recently a hybrid system based on the use of a chart recorder output, off-line to a computer, was in use in the laboratories at Merlewood Research Station [1 ] . In this system, the chart co-ordinates were fed into a computer using an x-y plotter and paper tape. Although this semiautomated system was not entirely ideal, experience in its use did provide a basis for the following specifications which would be required for a working data processing system" (1) (2) It is well known that the advent of the microprocessor has resulted in desk top data processors with adequate storage facilities becoming available. Even though the microprocessor is now sufficiently low in cost to dedicate the control and processing of data from individual, instruments, the need at Merlewood was for a system to process instrument signals directly from instruments and co-ordinate results from different sources. On-line data processing systems using small dedicated computers proved to be prohibitively expensive and somewhat inflexible. Several desk top computers are marketed which could be adapted for on-line data collection, but the necessary software is either unavailable or inflexible. In essence the requirements were for a micro-processor which would receive signals from several instruments simultaneously, including software, to collect, store and process data and additionally provide a high level language. A data processing package marketed by Trivector Systems Ltd. appeared to meet the main requirements and included proven software. The following account shows how this system was adapted to fulfil the specifications outlined above.
Data processing system
The data processor is based on the Intel 8080 microprocessor chip and has 44K or store, a visual display unit (VDU), two dual floppy disk units, a high quality printer, a teletype (for balance control) and an eight channel multiplexed analogue to digital converter (ADC) (Figure 1 ). The disc (diskette) in drive 0 is used for storage of incoming data and that in drive holds the previous day's data, although discs from earlier days may be loaded into drive for processing, if required. Discs in drive 2 and 3 are reserved for application programs and resulting data.
The basic processor has the capacity to collect data from up to eight analogue instruments simultaneously. Special interfaces are provided to standardise the voltage output to the ADC. Each channel of the ADC, has a specific number providing a unique reference to that particular instrument.
Volume No. 5 October 1979 Data are collected from each channel at the rate of one point every 250 millisecond, with eight points being averaged to give an effective rate of one smoothed point every two seconds. This rate of data collection is compatible with the rate of signal output for continuous flow colorimetry, and atomic absorption spectrophotometers, allowing complete definition of the fastest peaks to be obtained, without occupying an excessive amount of disc space. If instruments such as gas chromatographs were to be connected, a higher rate of data collection may have to be implemented.
Signals transmitted to the computer are also recorded simultaneously on a chart at the instrument, which enables the computer printout to be checked and provides a backup in case of computer failure.
An important feature of the Trivector package is the inclusion of the full facilities of the programming language BASIC, which may be used simultaneously with instrument data collection. This interactive language is easy to learn and has facilities for the solution of numerical problems, and these are utilised for general laboratory calculations, and further processing of collected data. Whilst discs 0 and are solely for incoming data and system software, BASIC utilises discs 2 and 3. The system may also be used in the 'stand alone' mode for BASIC, to provide access to most of disc 0 and all of discs 1,2 and 3.
Connected on-line to the data processor are two channels Corruptions do occur occasionally, and it has been found to be essential to keep in reserve a clean master copy of the system software contained in disc 0. These discs are replaced at monthly intervals because of the limited life of floppy discs. Copy facilities are available on the system to provide new system masters and duplicate discs.
When the system is new, the 120 sectors on disc 0 may be arranged to cover suitable time periods from half an hour up to ten hours. Each sector gives a data collection time of approximately thirty minutes, and for each run an additional sector is also required to store the data following peak analysis of digitised data. Thus, a one hour run allocates three sectors (two for data collection and one for analysed data), and a two hour run occupies five sectors. Unless unusual batches are being analysed, it is seldom necessary to reconfigure the disc with regard to the time periods.
The master parameters of the system which have been defined carefully, include the start of data collection, the occurrence of a peak, the position of the first peak along with other factors concerned with sorting the digitised readings stored on the disc. Unlike the disc configuration parameter modification may be performed at any time, although they rarely need altering once they have been suitably defined. However, it sometimes occurs that an unusually 'poor' set of data cannot be analysed with the current parameters (e.g., because it is very noisy or the program indicates split peaks). The appropriate parameters may then be altered by the analyst to allow results to be obtained without having to re-run the samples on the instrument.
Procedures for data collection from on-line instruments
When the laboratory instrument has been set up and linked to the processor the system is ready to accept details of the batch of samples to be analysed. Thirty-seven fries are held on disc 0 and each may be structured according to the batch sequence with five codes relating to samples, standards and wash samples. Providing the channel is clear, the processor is available for initiation of data collection following input of sample cup detail number, cups per hour and appropriate identification codes. A specific record number is allocated to the batch of samples, provided storage space is available for that particular run length, and this run length is allocated according to the number of sample cups defined and the sampling speed, as cups per hour. The sampler and data link are commences simultaneously, but data may not arrive at the instrument detector for some time, e.g. from continuous flow analysers, so a time delay facility prevents undue waste of disc space before data arrives. An aborted run may be deleted from the disc at any time and a listing program indicates the status of the system when required. Subsequent reference to the batch of samples is by the record number and batches on disc are accessed by adding one hundred to the record number.
Although there are facilities for up to 196 cups in any one run, samples are grouped into batches of not more than twenty five samples for reasons unrelated to the data handling needs. These, together with the appropriate standards and Table 1 . Experience has shown that calibration standards should be included more frequently when greater drift is expected. Calibration sample cups for instrumental gain and baseline drift are coded as 'C' and 'Z' peaks respectively, and the peak analysis utilises these controls to provide a drift corrected peak height output. Processing using the application programs compares the standard 'D' and sample'S' peaks, whilst all wash 'W' peaks are ignored by application and system software. If during a run, erroneous peaks occur, the batch may be redefined with the particular cup to be excluded, being replaced by a wash cup. This is particularly important when errors occur in calibration samples.
Peak analysis
On completion of the run, peaks are selected from the digitised data for subsequent peak height calculation using one of two system programs, either for flame or continuous flow instruments. The principles involved in the analysis of atomic spectroscopy peaks are similar in many respects to that of continuous flow peaks, except that no bubble spike testing or rejection is carried out, and also the use of an automatic sampler is optional. The analysis of atomic spectroscopy peaks is relatively simple, in that the program searches for a flat top peak with a low variation and the average of the flat portion is defined as the peak height.
The examination of continuous flow peaks is less straightforward as more factors have to be taken into account. These peaks are categorised as AA1 or AA2 style peaks, the main difference being that AA1 peaks are assumed 'pointed' and have a degree of symmetry about the maximum whereas AA2 peaks are assumed to rise slowly to an asymptotic value and then fall away more sharply (Figure 2 ). The output signal from continuous flow colorimetry is subject to interference due to air bubbles entering the flow cell, leading to transitory peaks being superimposed on to the normal signal, and an allowance for this has been made. The. principles for peak analysis of either style of peak are similar and the analysis falls into six distinct stages:--(1) Bubble spike rejection..This is done by making use of a seven point second order curve fit to predict subsequent points, in which any bubble spikes are completely sliced out. This is far superior to any filtering technique which will always have a residue of bubble spike signal.
(2) Calculation of initial baseline zero. (3) Location of first peak. This must be a signal greater than a predetermined value, and may arrive at any time between one and eight minutes after the start of a run. (4) Analysis of main peaks. This is carriedout by evaluation of the portion of the peak currently under analysis with reference to the position of the previous error free peak, within the peak window. An error free AA1 peak is recognised only when:-(a) there is a positive initial slope, a maximum and a negative final slope.
(b) there is a drop of a pre-determined value from the maximum for that peak. (c) the slope does not again go positive, beyond the maximum.
(d) any air-bubble spikes which occur are less than 20 seconds wide.
The time at the maximum value, is then taken as the first approximation of the peak position, and a final estimate of height is calculated, predicting the position of the true maximum using the seven point quadratic centred on the first estimated maximum. Thus, the final value of the maximum, as evaluated, is more accurate than any of the individual data points read from the instrument.
The difference between AA1 and AA2 analysis is denoted by separate conditions for determining the peak. The main objective when processing AA2 style peaks, is to find the peak maximum where the change occurs from the slowly rising leading edge to the faster dropping trailing edge (knee). From the minimum following the peak trailing edge, the slope of the peak is recorded by searching backwards and the maximum is found either:-(a) when the slope goes to zero, or (b) when the slope becomes one eighth of the maximum, and no zero slope occurs within the next ten seconds of data.
Having found the knee, the peak height is then calculated by averaging a number of points in front of it. An abbreviated print out of an AA2 analysis is included in Table 2 . Peak mode indicates that the conditions for the peak analysis have been satisfied whilst peak mode 2 is listed when no peak is detected. Peak modes 3 to 6 are peak errors indicating unresolved peaks, split peaks, unresolved or incomplete peaks and extremely noisy peaks. 5. Calibration. Baseline drift is characterised by straight line segments joining the initial baseline and zero calibration values. Similarly, instrumental drift is assumed to be straight line segments joining the averaged values of group of standard calibration .cups. The absolute value of these calibration cups need not be known exactly, but it must always be greater than any standard or sample in the batch. These calibrations are only used for drift correction. Each of the other types of cups are then calibrated, by a linear interpolation, as a percentage of the standard at that time, with the baseline deducted. Thus, complete allowance is made forboth baseline and instrumental drift. 6. Print out of results. This is accompanied by a statistical summary and is available on the VDU or printer, with details of peak number, cup type, peak error code, peak height and calibrated peak height. Assuming no peak errors, the analysed data is stored on disc until standards and samples can be compared using BASIC. Alternatively this may be re-examined by alteration of either the run or the master parameters. Table 2 illustrates an AA2 peak analysis from continuous flow colorimetry which has two types of errors present. Peak 26 has a peak error 3, indicating an indistinct knee. Standard peaks 4, 5 and 6 were noted as peak error 2 because of t-he low concentration range used in the chemical analysis. The output from the colorimeter was more typical of AA1 peaks, and analysis using the AA1 program, with a reduction of the master parameter controlling the level of peak detection,yields the data in table 3. The most common error, in general, with all forms of peak analysis is found when small spikes occur prior to the peak for atomic absorption analysis. Elimination of these spikes from the peak by reduction of the peak window, is required for a correct peak height analysis. Another problem which arose in the early days of the system occurred when samples with very low levels of ammonianitrogen in water were being analysed. Each of these peak heights was too low and registered peak error 2. The position of any following peak is calculated from a previous error free peak and the sampling speed (run parameter). Therefore the greater the number of consecutive peaks in error, the greater the accuracy of input of sampling speed required. As the timing devices on the automated sample presentation systems are insufficiently accurate for this purpose, each change in sampling rate is timed and, facilities have been added to the system for updating sampling rates. In general, it should be emphasised that re-examination of data was seldom necessary, since the establishment of the system. In summary, the system software provides a drift corrected peak height output from continuous flow and atomic absorption or emission signals. Further manipulation of the data is then possible using the high level language facilities of BASIC.
Balance operation
Data from digital balances may also be collected simultaneously with the other functions such as collecting instrumental data, analysing data or running BASIC.
The system is designed to allow the weights from two electronic digital balances to be collected simultaneously on to disc for subsequent reading in BASIC, and includes a terminal located next to the balances for operator control. weights. A record is initiated for a batch of weights by assigning the weights to a balance which has not been allocated. Associated with each balance is a small box containing a lamp and a button. When the computer is ready to take a reading from the balance, the lamp will be illuminated, the reading itself being initiated by pressing the button. The reading is subsequently printed out on the terminal and stored in the computer store until completion of the weight record, when the record is written to the disc in drive 0. Further weighings may be added to an existing record on disc 0, or individual weighings may be altered by manual input. In addition, extra weights may be added to an existing record.
Once a record has been stored on disc 0, it is retained until deleted by the operator. When disc 0 is full and instrumental data is transferred to disc 1, the balance data remains on disc 0 until each record is deleted. This allows batches of weighings from previous days to be completed without inconvenience, and allows efficient processing of data without error prone file manipulation.
Each record stored on disc 0 also contains background information relating to that batch of weighings. Several of these items identify the file, while others are relevant for subsequent data processing using BASIC. System software is provided for listing all record headings for system management or listing an individual record for information.
BASIC
The system includes a BASIC interpreter which may be entered at any time whilst the system is running, with 16K of store available for user programs at present. Interruption of programs for initiation of data collection or analysis of raw data does not result in loss of BASIC data, as on subsequent re-entry, the program is continued exactly as it was left.
A powerful feature of BASIC is its suitability for accessing floppy discs for both data and program storage. Data storage is accomplished by reading or writing arrays on to disc, whereas the program storage facility writes the program to disc and reads from disc entering at line 0. This enables full overlaying of programs as well as the ability to read programs directly from the disc at any time. For simplification, the application programs in BASIC are stored on disc 2 whilst the data processed using these programs is stored on the disc in drive 3. This provides adequate storage space for all applications programs in routine use and sufficient data storage for at least one month's data. IIII 
IIIIIII
Included in BASIC is a command to give access to the results of peak height analysis performed by the system software, giving access to the information, for example in Table 2 . This enables further manipulation of the drift corrected peak height data into a suitable anal.ytical form.
Filing in BASIC is by location, necessitating storage of background information associated with the data in order to keep a file of all processed data on that disc. This is essential for ease of manipulation.
Several linear and curvilinear regression programs have been designed to process either drift corrected data recalled fr0m disc, or manual input data obtained from the instruments at present not connected to the processor. In the curvilinear regression program for on-line data, the record number of the drift corrected peak height data file initiates the reading of the file. The value of the standards may then be input, and the standards are sorted ("D" peaks) and a curvilinear regression is performed. Following output of the regression constants, the standard peak heights are predicted using the regression constants. Standards in error may be eliminated from the regression, and when the standard predictions are satisfactory, all sample peaks ("S" peaks) are evaluated using the regression constants. Included with each batch of samples is a reference sample and a duplicate, whose values are checked manually to ensure that the BASIC also contains a command gaining access to the 14 balance records for further processing. Commonly the balance 15 data are used directly from weight records in calculations, to 16 give results in %, mg 100g-1 or gg g-1. However, in the 17 event of heavy demand on the balances, the balance data is 18 written on to disc in BASIC releasing the record for further 19 weighings. The BASIC weight file may then be used for 20 21 calculations.
22
Weighings are assumed to fall into two distinct categories 23 mode and mode 2. Mode weight recordsareconstituted 24 25 Table 5 . Print out form a data bank search The laboratory data processing system has 16K of core and 308K on each of the two discs for BASIC, enabling some data storage and statistical analysis of data encountered in the analysis of biological materials, to be performed simultaneously with instrument data collection. However, a 'stand alone' facility has been provided to give the user 26K of store and 300K of data on discs 1, 2 and 3, and 250K on disc 0.This provides adequate processing facilities for the storage and retrieval of selected chemical data accumulated over many years. Because of the limitations in speed on disc search, the input of data to this data bank is in a very selective form to reduce searching time. A tabulated print out of data from a data bank search onErica conerea is contained in Table 5 .
Discussion
The data processing system which has been installed meets all of the specifications previously outlined. In practice a few functions of the system do not fit in with existing laboratory practices, and these were modified accordingly as the problems manifested themselves. For example, the timing mechanisms on the automated samplers were not sufficiently precise, and the software was modified to allow for minor deviations in sample cup handling rate.
The saving in man-hours is of considerable importance when assessing the impact of a microprocessor system. In the calculation stages, the processing of data has now become less labour intensive, although the principal saving has been in the time spent on checking procedures. This has been brought about because these are no longer a matter of re-calculation, but of comparing calculated results with the chart output from the instruments. Initial experience with the system has highlighted the importance of this particular check.
With the advent of electronic digital balances, the addition of two digital balances to this system has been a simple method for improvement of laboratory automation. Obviously, this has removed certain operator errors normally associated with weighing and increased the efficiency of data processing. The time spent in the process of weighing samples has also been reduced. These advantages combined have proved a worthwhile addition to the system.
A major impact of the use of the microprocessor based system has been on laboratory operations, not least through the need to re-arrange the sample processing sequences. Some flexibility has been lost due to the requirement of having to inform the processor of the number of sample cups being fed into the instrument, and their sequence on the sampler turntable. Once the run length has been allocated, this may not be altered. Also, the analysis of a further batch may not commence until data collection from the previous batch has After the initial commissioning stages had been completed, the system has been managed and operated by staff who had no previous computing experience. For a period of two months after the introduction of the new system, all calculations were checked using the previous semi-automated procedures. These comparisons indicated that improved accuracy has been achieved with the introduction of the microprocessor, mainly by removal of systematic errors. Any discrepancies could generally be ascribed to faults arising in the laboratory chemical procedures.
For example, the molybdenum blue colorimetric procedure for silicon, had linear output up to 3 ppm silicon, with slight curvilinearity above this value (Table 6 ). This situation produced a non-mathematical curve using all the standards in the regression. This is illustrated in column 3 of Table 6 by the unsatisfactory prediction of the standards over the whole range. Previously, manual graphical methods automatically compensated for minor tendencies towards curvilinearity. Problems of this nature must be corrected by modification of the procedure to ensure application of the correct chemistry using the appropriate range of standards, sample concentration and other instrumental conditions. Such data was processed by elimination of the first or last three standards from the regression and applying this regression to the appropriate samples. Column 3 illustrates the prediction of standard values using all the standards, and columns 4 and 5 show the effect of the regressions on the standard values from 0-3 ppm Si and 3-6 ppm Si respectively.
In addition to the savings in manpower from the increased speed and efficiency of the new data processing system, it is also advantageous to have quick access to the final chemical data. Storage facilities on this system are provided by floppy diskettes. This storage media is different from magnetic tape or paper tape, the life of each disc being limited, especially if one portion is frequently used. Experience showed it was a false economy to use inferior discs. Good quality discs should be used and these must be handled with care both in loading and storage.
For most operations involving wet chemistry, initial treatments including weighing, making up to volume, reagent addition and dilution have to be included in the calculation of the final result. These variables can be entered into the central processor. In addition, the assembly of all sample results and the co-ordination of calculations for a final customer report can be produced directly by the system, an example of which is included in Table 7 . Many instruments are now marketed incorporating a dedicated microprocessor. These can be linked into the system described by processing the analogue signals using the instrument microprocessor prior to transfer of the digital readings to the central processing system for further processing, report compilation and archiving. Despite the relatively small capacity of this data processing system, it has been possible to design a data bank for use in the "stand alone" mode, utilising all of disc for record storage. Input of data via the VDU is quick and efficient and several search programs have been designed to extract data from the discs in the appropriate form. In order to contain as many records as possible on each disc, data has been input as codewords onto disc. Micro-computers will generally run slower than .large main-frame computers, as pointed out by Little and Reeves (2) , and this should be borne in mind when planning an ambitious data bank utilising a small system. Input of data has to be rigidly standardised in order to minimise (ii) To detect any significant increases in the emissions due to failure of the filter bags in the fume arrestment plant.
(ill)To give a positive meaningful reading within the normal concentration limit of 0.02 g M"a. iv To give a rapid response to concentration up to 0.10g M-3.
Finally it was required that such an instrument be designed
